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Formation T i m e s of 
Meteorites a n d 
Lunar S a m p l e s 
D. S. Burnett 
This article summarizes research since t he last de­
tailed reviews of meteor i t e ages by Anders [ 1 9 6 3 ] and 
Reynolds [ 1 9 6 7 ] . Only crystal l izat ion ages based on 
parent-daughter isotopic re la t ionships resul t ing from the 
decay of naturally occurr ing radioactive nuclei will be 
^ S. Burnett is wi th the Division of Geological Sciences, Cali­
fornia Institute of Technology , Pasadena 9 1 1 0 9 . 
discussed. The basic principles and techniques for age 
determinat ions are discussed in many of the papers cited 
and, along with summaries of scientific results, in several 
recent b o o k s [Dairympie and Lanphere, 1969; Doe 
1970; Hamilton, 1965; Schaeffer and Zahringer, 1966 ; 
Faul, 1 9 6 6 ] . However, developments in the field have 
made some of the material in the books obsolete . 
At the end of 1966 the following results were well 
established: 
1. An age for the ear th of 4.55 ± 0.15 X 1 0 9 years 
could be calculated by assuming that terrestrial oceanic 
lead evolved from the pr imordial lead found In troil i te 
from some iron meteori tes [Patterson, 1 9 5 6 ] , 
2 . Ages of about 4 .6 X 1 0 9 years were obta ined 
from 8 7 R b ~ 8 7 S r analyses of chondri tes by assuming an 
initial 8 7 S r / 8 6 Sr ratio inferred from C a - r i c h achondri tes 
[see, e.g., Gast, 1 9 6 2 ] . (Owing to low Rb/Sr in Ca-rich 
achondrites, the 8 7 S r / 8 6 S r ra t io shows negligible evolu­
t ion in 4 - 5 X 1 0 9 years.) Partial justif ication for this 
procedure can be obtained from t h e 2 0 7 P b / 2 0 6 P b in the 
Nuevo Laredo achondr i te , which again, unde r the as­
sumpt ion of an initial Pb compos i t ion from iron meteor­
ites, corresponded to an age of 4 .6 X 1 0 9 years [Patter­
son, 1 9 5 6 ] . 
3 . The max imum K-Ar ages of stone meteori tes 
(most ly chondr i te analyses) were 4 . 5 - 4 . 6 X 1 0 9 years, 
b u t there was a wide spread wi th some ages of less than 
1 0 9 years, presumably because of diffusive 4 0 A r loss 
[see, e.g., Kirsten et al, 1 9 6 3 ] . 
4 . Silicate inclusions from the Weekeroo s ta t ion i ron 
meteor i te yielded a Rb-Sr isochron corresponding to an 
age of 4.7 ± 0.3 X 1 0 9 years [Wasserburg et al, 1 9 6 5 ] ; 
this value agreed with ages of s tone meteor i tes and indi­
cated that K-Ar ages of 6 - 1 0 X 1 0 9 years measured on 
the metallic phase [see, e.g., Muller and Zdhringer, 
1966] were no t actual t imes. 
5 . The presence of radiogenic 1 2 9 X e in chrondri tes 
due to in situ decay of 1 2 9 I (17-m.y. half-life) [Reyn­
olds, 1960; Jeffery and Reynolds, 1961] showed tha t 
the age of the chondri tes could b e equated wi th the age 
of the solar system. Excess 1 3 1 - 1 3 6 Xe was present in 
Ca-rich achondri tes [see, e.g., Rowe and Kuroda, 1 9 6 5 ] , 
presumably owing t o spontaneous fission of 2 4 4 P u 
(80-m.y. half-life). 
I shall now review the meteor i t e age measurements of 
the past 4 years, summarize t h e s ta te of t he art th rough 
1970, and finally discuss age measurements o n lunar 
samples. 
The primary experimental b reak th rough in t he past 4 
years has been for the 8 7 R b - 8 7 S r m e t h o d . Chemical 
extract ions of Rb and Sr wi th subnanogram contamina­
t ion levels are now possible [see, e.g., Sanz and Wasser­
burg, 1 9 6 9 ] , This ability, coupled with high sensitivity 
and, particularly, high precision mass spec t romet ry [see, 
e.g., Wasserburg et al, 1969a] make accurate age and 
initial ( 8 7 S r / 8 6 S r ) de terminat ions possible on small sam­
ples with only small enr ichments in 8 7 S r / 8 6 Sr. 
Chondri tes 
A major research problem has been obta ining Rb-Sr 
ages for chondri tes independent of genetic assumpt ions 
relating chondri tes and achondri tes . T w o basic ap­
proaches have been followed. 
1. Accept t he penological and chemical evidence 
tha t the various chondri te subgroups are genetically re­
lated; then t ry t o find enough variation in Rb /Sr among 
members of the subclass to cons t ruc t a g roup isochron. 
As long as only chondri te falls are considered, this ap­
proach has yielded consistent ages (T) and initial 
8 7 S r / 8 6 S r (/) for hypers thene chondri tes (T = 4 .48 ± 14 
X 1 0 9 years, / = 0.7008 ± 14 [Gopalan and Wetherill, 
1 9 6 8 ] ) , bronzi te chondri tes (4 .69 ± 0 .14 ; 0 .6983 ± 24 
[Kaushal and Wetherill, 1 9 6 9 ] ) , amphoter i t e chondri tes 
(4 .56 ± 0 .15 ; 0 .7005 ± 2 [Gopalan and Wetherill, 
1 9 6 9 ] ) , and ens ta t i te chondr i t e s (4.54 ± 0 . 1 3 ; 0,699V 
10 [Gopalan and Wetherill, 1 9 7 0 ] ) . The errors iniref-
t o t h e last significant figures. These data show no sigsR 
cant differences in evolu t ion among the various chcr. 
dri te subclasses. In contras t t o t he above results, a wid» 
scat ter was ob ta ined for whole-rock analyses of carbon" 
ceous chondr i tes [Kaushal and Wetherill, 1970] ^ 
t h o u g h an earlier, more l imi ted , s tudy b y Murthv ^ 
Compston [ 1 9 6 5 ] did n o t show this scatter clearly. K 
ushal and Wetherill suggested, b u t could not prove, that 
the scat ter represented terrestr ial contamination. Tha 
work shows tha t terrestr ial con tamina t ion may have to 
be considered when 'cosmic abundances" are calculated 
from t race e lement analyses of carbonaceous chondrites. 
2 . De te rmine an ' in ternal i sochron, ' using only data 
from a single meteor i t e , b y analyzing separated minerals 
or different physical par ts (e.g., chondrules and matrix) 
t ha t have differences in Rb /S r . This approach is prefer-
able, a l though it is more difficult than the first ap­
proach . Initial a t t e m p t s t o determine chondrite iso-
chrons for Peace River [Murthy and Compston, 1965], 
for Bjiirbole [Shields et al, 1 9 6 6 ] , and for Abee, Brader-
heim, and Peace River [Shima and Honda, 1967] were 
only marginally successful in tha t there was considerable 
scat ter in t h e results for a single meteor i te . The scatter 
does no t appear to result f rom extraterrestrial causes 
[Sanz and Wasserburg, 1 9 6 9 ] . However, in the last 3 
years, precise in ternal i sochrons have been obtained 
from Krahenberg (T = 4 . 70 ± 0.02 X 1 0 9 years; / = 
0 .6989 + 10 [Kempe and Muller, 1 9 6 9 ] ) , Olivenza (4.63 
± 0 . 1 6 ; 0 .6994 + 17 [Sanz and Wasserburg, 1969]),Gu-
arena (4 .58 ± 0 . 0 8 ; 0 . 6 9 9 9 5 + 15 [Wasserburg et al 
1 9 6 9 6 ] ) , and Indarch (4 .54 ± 0 . 1 3 ; 0 .6993 + 10 [Gop* 
lan and Wetherill, 1 9 7 0 ] ) . In each case t h e errors repre­
sent the spread of the da ta ( 2 a ) around a best-fit iso­
chron . The only apparen t age difference between Kra­
henberg and Guarena may no t be significant because 
of t he possibili ty of sys temat ic interlaboratory differ­
ences in R b spike cal ibrat ions of u p t o 2%. No signifi­
cant I differences can be resolved. 
The h igh- tempera ture minerals in many chondrites 
appear to have re ta ined radiogenic 1 2 9 X e within ±2 m.y. 
of each o the r [Hohenberg et al, 1967a; Podosek, 
1 9 7 0 a ] . T h e oldest and younges t materials (Karooniii 
to ta l rock and Chainpur chondrules) are separated In 
t ime b y on ly 14 m.y . ; however , this difference is signifi­
cant . 
The presence of radiogenic 1 2 9 X e in nearly even 
chondr i te (see, e.g., the compi la t ion by ZdhriiW 
[ 1 9 6 8 ] ) p robably means t h a t none of the low whoie-
rock K-Ar ages for chondr i t e s reflects the existence 
young meteor i tes . No n e w conclusions have b ten drawn 
from whole-rock K-Ar data o n chondri tes since the dis­
cussion b y Reynolds [ 1 9 6 7 ] . Addit ional data are com-
piled b y Muller and Zdhringer [ 1 9 6 9 ] . (See, <d\so,Funk­
houser et al [ 1 9 6 7 ] , Mazor et al [ 1 9 7 0 ] , and Fimrnif. 
et al [ 1 9 7 0 ] . ) Turner [ 1 9 6 9 ] has shown that th; 
3 9 A r / 4 0 A r thermal release pa t te rn for several hyper 
s thene chondr i tes wi th whole- rock K-Ar ages of 1 - v 
1 0 9 years is consis tent w i th their involvement in the 
^OO-m.y. 'collision event ' for hype r s thene chondri tes 
[see, e.g., Heymann, 1 9 6 7 ] . 
Achondrites 
Using precise ( 1 / 1 0 4 ) 8 7 S r / 8 6 S r measurements , 
fapanastassiou and Wasserburg [ 1969] and Papanastas-
siou [1969] obtained a well-defined g roup isochron (T = 
447 ± 0.24 X 1 0 9 years ; / = 0 .69898 + 3) for nine 
eucrites. Because of the low R b / S r ra t ios for these mete­
orites, an I value could be precisely calculated for each 
meteorite almost i ndependen t of the age. The tight 
grouping of the / values m e a n t tha t , if the meteor i tes 
formed from a parent mater ia l having Rb /S r similar t o 
type I carbonaceous chondr i t es , t he m a x i m u m t ime in­
terval over which the fo rma t ion occurred was 4 m.y . 
TMs result illustrates t he po in t tha t the exis tence of for­
mation time differences is m o r e readily de tec ted b y ini­
tial 8 7 S r / 8 6 S r measurements than by measurements of 
ages (from isochron slopes). However, t ime intervals can 
be calculated only on a m o d e l basis in contras t t o actual 
values, which are presumably obta ined from 1 2 9 I / 1 2 7 I 
ratios. An approximate in te rna l isochron for Stannern 
(4.1 ± 0.7; 0 .6991 + 2 [Papanastassiou, 1 9 6 9 ] ) is con­
sistent with the group i sochron . Angra dos Reis has a 
distinctly more primitive / = 0 .69884 ± 4 [Papanastas­
siou, 1969] , which is equivalent to fo rmat ion 14 m.y. 
before the eucrites if chondr i t i c parent material is as­
sumed. 
Many achondri tes have large excesses of 1 3 1 ~ x 3 6 Xe 
[Rowe and Kuroda, 1 9 6 5 ; Rowe and Bogard, 1966; 
Kuroda et al, 1966 ; Rowe, 1 9 6 7 ; Hohenberg et al, 
\%lb; Munk, 1967 ; Hohenberg, 1 9 7 0 ] . This excess 
heavy Xe has a well-defined isotopic spec t rum [Eber­
hardt and Geiss, 1966; Hohenberg et al, 1961b; Wasser­
burg et al 1969c;Hohenberg , 1970] and is k n o w n to be 
due to fission, presumably 2 4 4 Pu , b y its correla t ion wi th 
fission tracks [Wasserburg et al, 1 9 6 9 c ] . However, the 
over-all spread in the achondr i t i c (fission 1 3 6 X e ) / 2 3 8 U 
values as summarized by Reynolds [ 1968] is a factor of 10 
(AT ~ 270 m.y. for 2 4 4 Pu) and a factor of 5 (A7* ~ 190 
m.y. for 2 4 4 P u ) for some eucri tes tha t should have the 
same age based on initial Sr measurements . The achon­
dritic 1 3 6 X e / / 2 3 8 U is d is t inc t ly less t h a n t h a t for whit-
bckite from the St. Severin chondr i t e [ Wasserburg et al, 
1969c] bu t about t he same as the to ta l St. Severin 
[Podosek, 1 9 7 0 6 ] . The radiogenic 1 2 9 X e contents of 
Ca-rich achondri tes are small (low 1 2 7 1 ) and uncer ta in , 
owing to the presence of comparat ively large amoun t s of 
spallation 1 2 9 X e . However , t he Ca-poor achondri tes , 
Shallowater [Hohenberg, 1 9 6 7 ] , Pena Blanca Springs, 
and Bishopville [Podosek, 1910a] have large 1 2 9 X e ex­
cesses. All formed wi th in 15 m.y. of mos t chondri tes , 
although the format ion t imes of Pena Blanca Springs and 
Bishopville are significantly younger . T h e extent to 
which achondritic 1 2 9 X e / 1 2 7 I and 1 3 6 X e / / 2 3 8 U values 
are concordant is unclear [Reynolds, 1 9 6 8 ] . 
Concordant K-Ar ages of 3 . 8 - 4 . 0 X 1 0 9 years from 
magnetic separates of Ca-rich achondr i tes [Megrue, 
1966] were interpreted as showing tha t t h e low ages 
were not the result of Ar loss. However, Megrue did n o t 
establish tha t more than one K-bearing phase was being 
analyzed, and his conclusion must be regarded as ten ta­
tive. Addit ional whole-rock K-Ar ages for nonchondr i t i c 
stone meteori tes are given b y Megrue [ 1 9 6 8 ] , Heymann 
et al, [ 1 9 6 8 ] , a n d Ganapathy and Anders [ 1 9 6 9 ] . 
The well-defined internal Rb-Sr isochron for the Nor­
ton County enstati te achondr i te (T = 4.70 ± 0 . 1 0 ; / = 
0.700 + 2 [Bogard et al, 1 9 6 7 ] ) and more recent K-Ar 
age measurements [Bogard et al. 1967 ; Muller and 
Zdhringer, 1969] indicate that the 5.1 X 10 9 -yea r K-Ar 
age reported by Kirsten et al [1963] does no t have t ime 
significance. A 3.7 X 10 9 -yea r age from an internal 
Rb-Sr isochron for Bishopville [Compston et al, 1965] 
requires confirmation because Podosek [ 1970a ] repor ts 
an approximately chondri t ic 1 2 9 1 / 1 2 7 1 and Kirsten et 
al [1963] give a 4.6 X 10 9 -yea r K-Ar age. 
I ron Meteorites 
The high 'ages' obtained b y neut ron activation K-Ar 
measurements on the metal phase [Muller and Zdhringer, 
1966; Rancitelli et al, 1967] can b e explained b y 
8 3 m K r interference wi th the 4 1 Ar count ing [Kaiser and 
Zdhringer, 1968] and perhaps by K leaching [Rancitelli 
and Fisher, 1 9 6 8 ] . However, reliable ages for several 
iron meteor i tes were obtained from b o t h of silicate in­
clusions by bo th Rb-Sr [Burnett and Wasserburg, 
1961a] and K-Ar [Bogard et al, 1968] analyses of sili­
cate Inclusions. Rb-Sr isochrons have been determined 
for Weekeroo station (T = 4 .37 ± 0.13 X 1 0 9 y e a r s ; / = 
0.703 + 2 [Burnett and Wasserburg, 1961a]), El Taco 
(4.7 ± 0 . 1 ; 0 .700 + 1 [ Wasserburg and Burnett, 1969 and 
u n p u b l i s h e d da t a ] ) , and Colomera (4 .61 ± 0 .04; 
0 .69940 + 4 [Sanz et al, 1 9 7 0 ] ) . Weekeroo appears to 
be significantly more evolved than Colomera. The Colo­
mera / value is distinct from Guarena and the eucrites 
(equivalent to 35 and 39 m.y . of evolution, respectively, 
in a chondri t ic parent material) . An isochron for Kodai­
kanal (3.8 ± 0 . 1 ; 0.71 + 2 [Burnett and Wasserburg, 
1 9 6 7 6 ] ) , confirmed by K-Ar measurements [Bogard et 
al, 1968, 1 9 6 9 ] , provides the only evidence for the for­
mation of a meteori te at a t ime significantly removed 
from the magic number of 4.6 X 1 0 9 years. The 
i 2 9 j y i 2 7 j
 f o r £ 1 T a c o s i l i c a t e indicates that El Taco 
cooled sufficiently t o retain 1 2 9 Xe only 4 m.y. after 
m o s t chondri tes [Podosek, 1 9 7 0 a ] . Approximate ly 
chondrit ic 1 2 9 I / 1 2 7 I has been reported for Toluca sili­
cate [Alexander et al, 1 9 7 0 ] . The 2 4 4 P u / 2 3 8 U ratios 
estimated from excess fission tracks in diopside from El 
Taco [Schirck et al, 1969] and Toluca [Fleischer et al, 
1968] are consistent wi th near-isochronous formation of 
these meteor i tes with chondri tes . 
Oversby [1970] has re-examined the problem o f ' e x ­
cess radiogenic ' Pb in troil i te from iron meteori tes and 
has given arguments against possible origins for t h e 
anomalies o ther than contaminat ion with terrestrial 
leads. Slightly revised values for 'primordial lead' were 
also proposed. 
Summary—Meteorite Ages 
Research in the last 4 years has justified the genetic 
assumptions relating various me teor i t e classes tha t were 
previously made in calculating meteor i t e ages; thus , it is 
now known with a very high degree of cer tainty tha t 
almost all meteor i tes , the ear th , and, undoub ted ly , the 
m o o n formed at t he t ime of t h e isolation of the solar 
system around 4.6 X 1 0 9 years ago. The more precise 
absolute age measurements have given t imes be tween 4.5 
and 4.7 X 1 0 9 years ; however, t h e relative age measure­
ments (initial 8 7 S r / 8 6 S r , 1 2 9 I / 1 2 7 I ) have provided the 
most insight and indicate tha t objects of wildly different 
chemical composi t ion all formed well within 100 m.y. of 
each other . Still more impor tan t , it appears possible to 
resolve events in this interval. Unfor tunate ly , there is no 
overlap at present be tween meteor i tes with well-deter­
mined initial 8 7 S r / 8 6 S r and 1 2 9 I / 1 2 7 I . Under t he as­
sumpt ion tha t the a t t r ibut ion of achondri t ic fission Xe 
to 2 4 4 P u can be confirmed by laboratory measurements 
of t he fission yield spect rum, ano the r high-resolution 
clock for t h e early solar system should b e available, 
which has no t been exploited t o date . Also, new Pb 
isotopic investigations on meteor i tes are long overdue. 
Age of Lunar Samples 
Age measurements on Apol lo 11 samples can be 
found in the Science issue (vol. 167, pp . 461—481) re­
port ing on the First Lunar Science Conference and in 
papers by the same authors in volume 2 of t h e Geo-
chimica Cosmochimica, Supplement 1, April 1970. The 
ages of Tranquil l i ty base rocks (3.6—3.7 X 1 0 9 years) 
appear to be best defined b y high-precision Rb-Sr inter­
nal isochrons [Albee et al, 191r0; Papanastassiou et al, 
1970; Compston et al, 1970] and the 3 9 A r / 4 0 Ar ther­
mal release studies [Turner, 1 9 7 0 a ] . All lower-precision 
Rb-Sr studies now appear to be in essential agreement with 
these ages [Gopalan et al, 1970 ; Gast et al, 1970 ; Hur­
ley and Pinson, 1 9 7 0 ] . Only t he nominally high-preci­
sion Rb-Sr s tudy b y Murthy et al [1970] gives ages tha t 
are in serious disagreement wi th 3.7 X 1 0 9 years. Very 
primitive initial 8 7 S r / 8 6 S r values were obtained tha t in­
dicate that t he m o o n as a whole probably did no t form 
significantly later than 4.6 X 1 0 9 years [Papanastassiou 
et al, 1 9 7 0 ] . Whole-rock K-Ar measurements have been 
of limited value for either Apollo 11 [Lunar Sample 
Preliminary Examination Team, 1969; Albee et al, 
1970; Eberhardt et al, 1970; Marti et al, 1 9 7 0 ; Funk-
hauser et al, 1970] or Apollo 12 rocks [Lunar Sample 
Preliminary Examination Team, 1970; Schaeffer et al, 
1 9 7 0 ] , owing t o loss of 4 0 A r [Albee et al, \970;Eber-
hardt et al, 1 9 7 0 ] . The in terpre ta t ion of the Pb isotopic 
data is more difficult because of the uncertaint ies in the 
initial lead composi t ions . The high U and Th enrich­
ments and the deplet ion of chalcophile elements in lunar 
materials imply tha t the initial leads may have been very 
radiogenic. However, Tatsumoto [1970a] and Silver 
[1970] show tha t there is no single initial lead isotopic 
composi t ion tha t can yield concordan t U-Pb and Th-Pb 
ages of 3 . 6 - 3 . 8 X 1 0 9 years for all rocks. A variety of 
initial leads mus t b e assumed such tha t the more U-rkt. 
rocks requi re m o r e radiogenic initial leads. Silver {197o{ 
argues tha t this assumpt ion is unreasonable and that 
because approx ima te ly conco rdan t U-Pb ages are ob­
ta ined w h e n ei ther p r imord ia l or terrestrial initial lead 
compos i t ions are assumed, t h e 2 0 7 P b / 2 0 6 P b ages so ob­
ta ined ( 4 . 0 - 4 . 1 X 1 0 9 years) may represent a primary 
t i m e of crystal l izat ion, whereas t he Rb-Sr isochrons and 
3 9
 A r / 4 0 Ar ages da te a secondary episode. However as 
suggested b y Tatsumoto [ 1 9 7 0 a ] , selective contamina­
t ion wi th U from t h e c o u n t r y rock in t ruded by the Tran­
quilli ty base lavas could p r o d u c e the required correlation 
of U and initial 2 0 7 P b and 2 0 6 Pb contents . In this con­
t ex t , it is in teres t ing t o n o t e tha t the 'high-Rb rocks' 
[Compston et al, 1970] have distinctly higher initial 
8 7 S r / 8 6 S r ( a b o u t 0 . 6 9 9 4 ) than the low-Rb rocks 
(0 .6991) [Albee et al, 1 9 7 0 ; Papanastassiou et al 
1 9 7 0 ] . 
Rb-Sr in terna l i sochrons for Apollo 12 basalts give 
ages of 3.2—3.3 X 1 0 9 years [Papanastassiou and Wasser­
burg, 1 9 7 0 ] , which are considerably higher than were 
expected o n t h e basis of relative crater densities in 
Oceanus Procel larum and Mare Tranquill i tatis. 
In an issue of Earth and Planetary Science Letters 
(vol. 9 , p p . 9 3 - 2 1 1 , 1970) devoted to rock 12013, 
Turner [ 1 9 7 0 6 ] shows t h a t fragments of both the light 
and dark por t ions give 4 0 A r / 3 9 A r ages of 3.9 X 109 
years . Rb-Sr isochrons for mineral separates from two 
small f ragments give ident ica l ages of 4.0 X 10 9 years, 
however , wi th t w o dis t inct initial 8 7 S r / 8 6 S r values 
( 0 . 7 0 5 0 and 0 .7085) indica t ing tha t the final local Sr 
i sotopic re-equil ibrat ion occurred at tha t time [Lunatic 
Asylum, 1 9 7 0 ] . However , ' t o t a l f ragment ' analyses were 
d is t r ibuted app rox ima te ly a long a 4.5 X 10 9-year iso­
chron indicat ing tha t t h e pa ren t material(s) of 12013 
had behaved approx ima te ly as a closed system with re­
spect t o R b and Sr in t h e per iod from 4.6 to 4.0 X 109 
years [see, also, Schnetzler et al, 1 9 7 0 ] . Discordant 
U-Pb and Th-Pb ages are observed for 12013 regardless 
of the assumed initial Pb compos i t ions ; however, ap­
prox imate ly concordan t U-Pb ages of 3 . 7 - 3 . 9 X 109 
years can b e ob ta ined w i th an appropriately chosen ini­
tial lead compos i t ion [Tatsumoto, 1970&] . 
T h e Tranqui l l i ty base soil gives a model Rb-Sr age of 
4.6 X 1 0 9 years [Papanastassiou et al, 1970] and con­
cordant Pb-U-Th ages of a b o u t 4 .65 X 1 0 9 years [Tatsu­
moto, 1970a; Silver, 1 9 7 0 ; Gopalan et al, 1970], 
Apol lo 12 soil 12070 gives a slightly lower model Rb-Sr 
age of 4.4 X 1 0 9 years [Papanastassiou and Wasserburg 
1 9 7 0 ] . Because t h e soil is a mix tu re including fragments 
from young rocks , these values are no t ages in the usual 
sense; however , these s tr iking results provide the strong­
est evidence tha t t h e lunar soil contains a 'magic' compo­
nen t or c o m p o n e n t s t h a t , e i ther wi th or without signifi­
cant con t r ibu t ions from local rocks , probably have pre­
served the i so topic ra t ios da t ing a major fractionation 
event early in t h e h is tory of t h e m o o n . By volatilization 
and leaching exper iments Silver [ 1 9 7 0 ] has shown that a 
loosely b o u n d almost U-free Pb componen t is present in 
T r a n q u i l l i t y b a s e s o i l w h i c h has a very high 
2 0 7 P b / 2 0 6 P b . This c o m p o n e n t is presumably the an* 
ient Pb associated wi th t he magic c o m p o n e n t , and its 
presence can account for a high 2 0 7 P b / 2 0 6 P b age. The 
concordant U-Pb and Th-Pb ages are m o r e difficult to 
understand. 
In comparison, the i so top ic relat ions in lunar samples 
appear to be somewhat m o r e complex t h a n those in 
meteorites. On the o the r h a n d , this complex i ty promises 
t p k e rich in informat ion a b o u t t he evolut ion of the 
moon. For example, It is conceivable t ha t initial lead 
measurements could play t h e same role for lunar samples 
as initial Sr measurements have played for meteor i tes , 
only with much greater sensit ivity for evolut ionary dif­
ferences. Moreover, the s imple fact tha t lunar samples 
came from a known solar sys t em object of planetary size 
cannot be overemphasized. De te rmina t ion of t he evolu­
tion of a small planet f rom isotopic s tudies on lunar 
rocks, coupled wi th related petrological , chemical , and 
geophysical studies, may be a less formidable task (given 
adequate sampling) than work ing ou t t h e evolut ion of 
the earth from measurements on terrestr ial rocks . It is 
questionable, however , w h e t h e r a sufficient sampling can 
be obtained in the few remaining Apol lo missions to 
allow the proverbial 'big p i c t u r e ' t o b e assembled. An 
on-going program of lunar exp lo ra t ion is requi red . 
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